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1. Thetestsherewithreportedwereundertakentodetermine
. whetherornota properlylocatedandproperlydesignedoil-
scraperpistonring,installedona pistonprovidedwithoildrain
holesof sufficientarea,wouldpreventheexoessiveoilingof
theLibertyengine,particularlywiththeenginerunatidling
speedwithfulloilpressure.
Introduction:
2. TheLibertyengine,when~uippedwithproductionrings,
installedasdesignedandoperatedatfullspeedatthedesigned
oilpressureof50lb.pers%in.,oilsup andthrowsdense
cloudsofblackoilsmokeoutoftheexhaustportsevenwhenoper-
atedwitha carburetorsettingsoleanthatthemixtureperiodi-
callyback-firesthrouglht ecarburetor.Forthisreasona carbu-
retorsettingoannotbeobtainedby observationftheexhaust,
asithasa srnokey,over-richappearameatallsettings.Whenitisattemptedto idleanenginequippedasabove,theoilpump-
ingIs sobadthat,afterfromfivetofifteenrninutesioperation
* atidlingspeed,oilcommencesto runoutoftheexhaustports
andtheenginemustbe openedupperiodioallvin orderto clean
outthesparkplugsandkeepth~m-”functioning.z
3* In ordertoreducethisoiling,holeswere
theoilpressurereliefvalvesothatthepressure,
theoilisfedtothebearings,isreduoedfromthe
valueof50lb.persq.in.tofrom30to 35lb.per
drilledin
underwhioh
designed
sq.in.atfull
speed.An enginewitiitheoilpressuresoregulateddoesnotoil
up asbadly,astheoriginalproductionengineandoanbe idled
formuohlongerperiodsbeforeoilispum~edoutoftheexhaust
portsandthesparkplugsfouled,but,evenso,thecourseofan
airplanealuippeawithtinisengineuanbe traoedforoveran .
* eighthofa mileby theblaokoilsmokeleftfloatingbehind.
4. Followingthepaoti,ceobtaininginautomobileengines,
. theuseofanoilpressurereliefvalvewhose.openingisre~lated
-.
.
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by themanifoldvaauumwassuggested,Thismethodis similarto
thatmentionedinparagraph3,in thattheoilpumpingisreduced
by decreasingtheamountofoilfedtothebearings(and,hence,
tothecylinderwalls)by reduotionoftheoilpressure,anddif-
fersfromtheformeronlyin that,astheenginespeedisreduced
by olosingofthethrottle,theoil.pressureisdecreasedindi-
rectproportiontotheincreaseinvacuumattendantuponthe
throttleclosure.
5. Bothofthemethodsnotedinparagraphs3 and4 appear
dangerousanddrasticandnotinaccordancewithoommonsenseoz
engineeringprincipleswhenthequestionisconsideredfromthe
followingviewpoint:Allpresentaeronauticalenginesarede-% signed,andthebearingclearancesadjusted,withtheideaofthe
shafts,pins,etc., running.ona oilfilmwhichsupportsandsep-
.
aratesthemfromthebe=ringproper,endwhich,consequently,must
be suppliedundera sufficientpressureto insurethemaintenance
ofthisfilmunderanyandallconditionslikelytobe encountered
inoperation.As farasthebearingsthemselvesareooncerned,
thispressurecanhardlybe”toogreat- thegreaterthepressure,
thegreaterthemeasureof safety.Thisisparticularlytrueif,
foranyreason,theviscosityofthedilislowered,sincethe
probabilityofthesa$etyofthebearing,evenwitha verythin
lubricant,isincreasedthegreaterthepressureunderwhichthe
oilfilmismaintained.Thepistonalso,tofundionproperlyas
a cross-head,requiresa lubricatedsurfaoe- thecylindezwall,-
uponwhichto slide.Inaddition,theoilservesastheveh$cle
fordissipationf theverylargeamountofheatgeneratedinthe
bearingsandabsorbedby thepistonheads.Anydevice,therefore,
which,in-ordertopreventoilfrompumpingpastthepistonrings,
decreasestheamountofoilfed(therebydecreasingtheooolingof
bothbearingsandpistons)anddeoreasesthecertaintyofmainte-
nanceoftheoilfilmin thebearings,andconsequentlyofthe
amountofoilfedtothecylinderwalls,militatesagainsthe} safetyandlengthoflifeofthebearingsandthesatisfactory
7&erformanceofthepistonsin theirfunctionasa cross-head;Fig41.#
6. Theabsurdityoftheattemptedcuresinparagraphs3 and
4 ismostforciblyillustratedby consideringtheanalogouscase
ofa pillowblockshaftbearingwhich,duetoinefficientoil
throwers,allowsoiltoworkalongtheshaftandcutofthebear-
ing. An analogousremedyforthiscaseWOUldbe to solimitthe
supplyoflubricant,withoutregardforthesafetyof thebearing,
thattheoiloouldnotpossiblyworkalongtheshaft,outofthe
bearing.Theremedy,inaocordwithengineeringprinciples,would
be toinstallredesigned,efficientoil-throwersandto supplymore
thanenoughlubricantto insurethesafetyofthebearings.So,
l
alsointhecaseoftheLibertyengine,thelogicalremedyforoil
&umpingwouldbe toprevent,oratlea@ gceatlyreduce,theamount
. ofoilpassingthepistonringsby some,changeintheringsthem-
selves.
.,
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Theorv,HiFrtorvl.=d IW3&&AAon:
7. Whena pistonreciprocatesina lubricatedcylinder,
thereexethreepathsby whichtheoilgetsby thepackingriags:
lstithesquaraedgeoftheringscrapes.offtheoilthrownonto
theoylinderwallby thecramkpin,leavingonthewalla film
whosethidcnessdependsupontheunitradialpressurexeatedby
theringonthewall,anduponthevisoosityoftheoil- which,
inturn,dependsuponthetempazatureoftheoil. Thisfilm,due
tocohesionandsurfacetension,remainsuponthewallevenafter
beingunooveredbythepistononitsdownwardstroke,andispxo-
tectedfromthecombustionby thedeadgasfilminherentlypres-
entineveryeasewhereheatisbeingtransmittedfroma gasor
fluid(inthiscasethecombustiblemixture)toa solid(theoyl-
inderwallinthiscase).Thisdeadgasfilmexistsata tempera-
tureintermediatebetweenthatofthe~ainbodyof gasandthatof
thewall and,consequently,theoilfilmisprobablyneversub-jettedtoa temperatureapproachingitsflashpoint;2nd,theOil
scrapedoffoftheoylinderwallby tbebottomsquaredgeofthe
botiomrifigpilesup againsthering,betweenpistonandoylinder,
andi-sforcedthroughtheringgaptotheothersideofthering,
toanextentlimitedonl b theexposedcross-sectionalareaof
Xxthegap;and3rd,theOi p ledUp a@nst thebottomringalso
flowsbetweentheloweredgeoftheringgrooveandthering,
whichhasbeenforcedagainstheupperedgeoftileringgrooveby
thedownw~dmovementofthepiston,fillingtheringgroovespace
undertheringwithoilundertheinertiapressure.Ontherevqr-
salofthepistonatthebottomdeadoenter,theringsareforced
fromoontactwiththeupperedgeto oontactwiththeloweredgeof
theringgroove,thusopeninga passage,fromthespaceinthe
ringgrooveundertheringto thatbetweenpistonandcylinderon
theuppersideofthering,fortheflowoftheoilwhiohwas
scrapedintothisppaceonthedownwardstroke.Thisflowisin-duced,p~tlyby thesplashoftheoilintheringgroove,dueto
thereversalofdirectionof thepiston,buttoa greaterextent,
followingthesuotionstroke,by the-vaouumexistingabovethe
piston(whi~hvacuum
F
aduallydiminisheson.passingfromringto
ring,duetothepackng effectofeachring).Ina similarman-
nertheoilpassestheseveralringson suooeedingstrokes,u@il
whenin%helastringgroove,it isacteduponby thefullvacuum,
isdrawnintothecombustionchambersandisburned,causing.a
smokyexhaustanddepositingcarbonorunburnedoil(ifinexcess)
ohthepistonhead, If itwerenotforthevacuumexistingabove
thepistononthesuotionstroke,theflowofoilaroundthe.back
andthroughthegapintheringswouldbe verynearlyequalonthe
upwardanddownwardstrokesofthepiston.DuetotheIncreasein
v,acuumwithalosureofthethrottle,theamountofoilpumpedpast
thepistonrtigsnaturallyincreasesasthethrottleisclose~.
8. Manypistonringshavebeendesignedwithintrioategaps
inan attemptopzeventoil-ping. A s~~y oftheLibe~yen-
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gine,consideringineachcasejtheworstPermissibleinspection
clearance,provesthefallacyofanydeviceofthist~e, viz.:
considera pistonskirtdiametralclearanceof0.0221’~a
7
iston
ringgapclearanoe(intheproduction~diagonalgapringsof
C.041~1,anda ringgrooveclearancebetweenedgeof grooveand
ringof0.00311.Gonsidezfurther,thatthepistonishardagainst
onesideoftheoylinderandwiththeringgapdiametricallyopPo-
sitethepointofcontactofpistonandoyltnde~.Thentheexpos-
edczoss-sectionareaforflowofoilthroughthegapis0.022x
0.041= 0.000902sq,in.andtieareaforflowof021betweenring
grooveandringis0.003xn % 4.625= 0.003x14.530= 0.04359
6q.in.(where4.625istheinnerdiameterof thepistonringwhen
inthecylinder).Thepercentage0$ gapareareferredtototal
0.000902areaforoilflowis,therefore,oaOo0902+ 0.04359x 100 =g“% =?%*Theaboveistheworstpermissiblecaseforboth
gap-fidgrooveandshouldbe supplementedby consideringthissame
gapconditioncomparedtotheminimumpermissiblegrooveclearanoe
ofo,oou35~.Inthiscasetheaxeabetweenringandgroovebe-
comes0.00125X 14.530= 0.018163sq.in,andthegapareais
* 0.0902 0.0902
0.000902+ 0.018163= 0.019065= 4 3/4$
ofthetotalarea,Inbothoasesthe.ol&@ancestakenhavebeen
thoseatatmospherictemperatureandwouldnotholdexceptfora
veryshortintervalafterstartingtheoperationoftheengine.
Afterthisinterval,thexinggapolea..ranceanddiametralGle=-
snceofthepistonskirtinthecylinderwoulddeorease(bothof
whichchangesdecreasetheexposedgaparea)whilethegroove
clearancewouldincreasedueto~negreaterexpansionofthealum-
inumpistonthanofthecastironzing.Therelativeimportance
ofoilLeakage.thzoughthepistonringgapdecreases,therefore,
withincreaseintheoperatingtemperature+belowthealreadyin-
slgnifimntfiguresquotedabove.Fgomtheabove,it isevident$hattheuseortestofanypatentedring,whichhasnothingto
recommenditbuta sealingor olosureofthegap,isa wasteof
time,money,andenergy.
9. Ifa relievedspaoe,withdrainholesleadingfromthis
spacetotheinteriorofthepiston,isprovidedonthepiston
immediatelybelowthebottomring,theoil,whichisscrapedoff
ofthecylinde~wallby thes~uaxedgeof thebottomring,will
flowintothisspace,throughthedrainholesintotheinterior
ofthepiston,andthen~ebackintothecrankcasemoreeasilythanintothespacebetweenringandgroove,Thisisespeciallyti’ueif
thedrainholesareof sufficientarea,becausesucha passagenot
onlyofferslessfrictionalresistanceto theflowof theoil,but
alsodoesnotoausethecohesiveresistancetoflowoffezedby the
,-5-
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narrowspacebetween.Xing+andgroove=which inmostoasedjiieldon
exoeeds0.003~1inwidth~‘T”o~bt~ %Lemos}~ffs~iiveactioi~,2e
relievedspaoeshouldbe locatedwheretheoil”.~spiledup,when
scrapedoffofthec~linderwall,i.e.,withthedeepestspaoeat
theringitself,andshouldnotbe separatedfromtheringby even
thenarrowestlandoforiginalskirt.If,inadditiontothere-
lle+ed@me anddrainholes,theupperedgeofthebottomringis
. chamfezed.orrounciedsufficientlytobreakthesquaredgesthe
ringwillhavea tendenoy,onitsupwardstroke,.to rideoverany
oilwhiohhaspasseditonthedownwardstroke,ratherthanhaving
a tendenoyto serapeitupward,thus-allowingthelower,square
edgeto sorepeoffanddrainawayanyexoessoilonthenextdown-
wardstroke.Completeconstructionaldetailsof suchrelieved‘:>
space,drainholes,andchemferedscxmpering arefullyillustrat-
. edinFigure1, Itwillbenotedthat,inthecaseof theLiberty
productionrings,thechamferis carriedtoa pointapproximately
0,02011belowthebottomedgeoftheoilgroove.Ifthisisnot
. donethebottomedgeof-theoilgroovein theringactsasa
soraperontheupwardstroke,withresultsverynearlyasharmful
asifno chamferwereprovided.Ifa ringwithnooilgroovewere
usedtheohmferwouldneedtobe carriedonlyfora sufficient
distancetobreakthe~uareupperedgeofthering.
10. Theuseofoildrtinholesenda scraperingofthis
type inhi@ speediaternd.combustione gines datesbackmany
years. Infaot,manyautomobile~d marineengines,Ofbothdomes-
ticandforeignmanufacture,andsomeaeronauticalengines(nota-
blytheMercedes,Fiat,andtheearlierHispano-Suizaengines)
weresoequippe&Almostinvariably,however,thisring,there-
lievedspaceandthedratiholeswezeplacedat thebottomofthe
pistonskirt,whiohlocationis goodpractioeprovidedthepiston
isofcastironandthepistonpinisfixedin thepiston.lf~.
however,thepistonpinis_fixedintheconnectingrodorfloats
inbothrod&d piston(witheithera castironoranaluminwFis-
ton),thelocationofthe~cr~erringatthebottomoftheskirt
. isbadpractice,since,ineitherofthesecases,thespacebe- .
tween,thescraperingandthebottomzingofthegroup~frings
locatedabovethepistonpinbosses,fillswithoilfromthepis-.
tonpinlubrication,andtheoilpwpingiSverynearlyasbadas
ifno somaperinghadbeenused. Theabovestatementappiiesto
analuminumpistonevenwhenthepistonpinisfastenedinthe
piston,since,dueto thegreatexpansionof alminum,oilwill
workbetweenpinandpistonbossesoutintothisspaoe.Wherever
. oil,therefore,fromthepistonpimlubri.oationca workintothe
spacebetweenpistonandoylinder,thescrapering,relieved
spaoeanddrainholesshould,withoutfail,be looatedabovethe
wristpinbosses,asillustratedinFig.1.
*
. MethodofTest:
11. Theengine,fittedwithproductionpistonrings,wasrun
.
.——. . .. . . . .
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fora seriesofone(1)hcurrunswithvariousclubsandatvarious
throttlepositions,takingcompletepower,fuel,sndoilconsump-
tionreadings.After:thisseriesofruns,-tine‘enginewasCiis-
assembled,thepistonswereprovidedwithdrainholese.gdchsmfezed
scraperingsweremadefromproductionrings.Inbothcases,the ‘
oil.pressureliefvalvewasset”totintainoilpressu~eslight-
lyinexoessof50lb.pezaq.in. Followingre-assemblyoftheen-
gineequippedwiththesoraperingsmd dxainholepistons,and
afterrunning-intheenginefora sufficienttimetoinsureproper
seatingoftherings,a similarseriesof one(1)hourtestswere
runwiththessmereadingsobservedend,asfaraspossible,all
operatingconditionsmaintainedthesameasonthepreviouseries
ofruns. Inordertoobta$nthemoststrikingcomparisonpossible
. oftheoilpumping,theenginewasidledfora longperiodatthe
conclusionfthisseriesofruns>andtheconditions,bothduring
andattheendoftheidlingperiod,werenoted.*
12. Followingthisseriesofruns,theenginewasusedforin-
cidentaltestsatvariouspeeds~d powersfora periodinexcess
offifty(50)hoursasanendu~ce testofthesystem$careftil
watchbeingkeptinalltestsofthefunctioningof thescraper
rings.At theendofthisperiodtheenginewasdis–assembledand
oaxefullyinspeotedforoondition.
Results:
13. Theresultsofthecomparativet stsbetweenproduction
~d scrapexringsazegiveninTable1,andtheresultingoilcon-
sumptionaremostforciblyshowngraphicallyintheupper“group
ofcurvesofFigure2. Itwillbe seenfromthesecurvesthatthe
O= consumptionftheenginefittedwithscraperingsisonly
fromone-third(1/3)to slightlyoverone-half(1/2)ofthecon-
_tion ofthesameenginewhenfittedwith~roduotionringsand
unmodifiedpistons.Thesefiguresarees~eciellynoteworthyin
. viewofthehigheroilpressuremai.nt~nedthroughouthescraper
ringteststhanobtained&Lziqjthetestswithproductionrings.
. Theoilconsumptionresultingfrom75hr.and55min.opemation-
extendingovera periodoffive(5)months- onincidentaltests,
aZeshowninthesecond,or lowergroupof WrvesofFigure2,amd
areoomparedwiththeoilmxummptionsofa numberof engines
equippedwithprowotionpistonsandrings- thusgivinga direct
comparisonbetweentheaver-eperfommoe of thisenginewiththe
averageperform~oeoftheaverageproductionengine.Fromthese
ourvesitisseenthattheavezegeoilconsumptionf theengine
fittedwithsorqerringsiS onlyfrom0.45to 1/3oftheaverage
consumptionftheaverageproductionengine.
, 14. At theconclusionftheseriesofone(1)hourcoxpari-
!)onIWM, theen@newasiciledatapproximate5. 10 hours- r Y5f*%##Xo:?”div~dedintotwo(2)periodsoff ve
.Duringthisentireperiod,Yfiecarburetorthrottles
openedto cleanup theplugs;eweryplugfunctioned
throughouttleentireperiod,andnota dropofoil
oftheexhaustports.At theendofthefirstfive
werenotonce
perfectly
waspumpedout
hoursofid-
ling,the enginewasshutdownby openingtheignitionswitches
md withoutopeningthethrottle.Thefollowingmorningtheen-
ginestartedwithoutaifficulty ofanykindwiththeoriginal
sparkplugs,whichhadnotevenbeenremovedfromtheenginefor
inspection.At theconclusionftheten(10)hoursofidling,
theenginewasshutdownin thesamemannerasattheendofthe
firstfive(5)hourperiod.Theplugswerethenremovedforin-
spectionWd fierefoundtobe entirelydryandfreefromoil.
Withoutcleaningoradjustmentofanykind,thesae setofplugs
werethenre-installedandtheenginestarted.Afterwamingup
.
at idlingspeedforfifteen(15)minutes,thethrottlewasopened
wideand the enginerespondedwithoutmissorhesitation.andwith
everyplugfiringperfectly.Theseresultsareespeciallynote-
. worthyduetothefactthattheoilpressurewithscraperings
wasmaintained,atidling,speed,inexcessof50lb.persq.in.-
whereaswiththe,prociuotionr ngsitfelitoapproximately28lb.
atapproximatelythesamespeed(seeTable1). Itwasfoundthat,
atallspeeds,thisengine,whenequippedwitlnscraperings,has
a veryclearexhaust,notablyfreefromoilsmoke.
15. At theendof?5hrs.and55min.ofoperationon tnoi-
dentaltests(endurmcetestof scraperings),thedis-assembly
oftheenginewasnecessitatedbeuauseoneofthealuminumpiston
plugs,orwrist.pinst~s,becomingloosein thepiston,wash~-
meredtopieces;thusdistributing~uminm partiolesthroughout
thelubricatingsystem.As a resultofthisunfortunateaccident,
littlecouldbe toldabat theoo~itionofthemainandconnect-
ingrodbearings,asidefromthefa~tthattheywerefunctioning
properlyup to thetimethatthisaccidenthappened,Whilethe
surfaceofthebabbittintheconnectingrodbearingswasfilZed
withaluminumpa@iclesandbadlyscored,necessitatingthere-
. @acementofthesebeuings,themainbearingswereunharmedex-
ceptfora slightamountofalwin~ embeddedinthebabbitt.
Thisaluminumwasscrapedoutandthesamemainbearingshells,
wereusedwhentheenginewasre-assemble&Boththeczylinder
mallsandpistonskirtshadanampleoilfilmwhendis-assembled,
whiletheappearanceof thebea@ng mrf~es ofbothpistonand
cylinderdifferedinnowisefromthatof likepartsof theaverage
productionengineondis-assembly.In everyotherrespectheen-
ginewasinexcellentbonditionand,butforthisunfortunateoc-
currence,whichinnowaycouldbe tracedtotheuseof scraper
rings,apparentlywouldhaverunandfunctionedproperlyformany
morehours.withoutoverhaul.Theoarbondepositswereextremely
lightandwereverydryendofa loose,flakystruoture,without
. a traceofoil. Thecarbondepositson thecylinderheadswere
lightereventhan~~oseonthepistonheadsandwereofa mo~e
l sootystructure.
.l
,
.
.
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.
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16. Thescatteringof theplottedpoints,sonoticeablein
thecurve(Fis 2),isentirelycharacteristicofoilconsumption
dataandisinherent,bothbecauseof theverysmallweightsin-
volvedandbecauseof thealmostabsoluteimpossibilityofrepro-
ducingidentical~onditionsatthebegimingandendofeaohrun-
whentheweightsaretaken.Consideringthesedifficulties,the
agreementandconsistencyof theoilscraperingoonsumptionsi
remarkable.Theohoioeoftheaverageouzvewhichbestrepresents
allof”thepointsina plotofthischaraotez- soaptlydescribed
asa ‘shot-gunplotli= isextremelydifficult,anditisbelieved
thatthev=iationwithspeed,foundinthecurvesrepzesenting
therat$oofoilcomumptions~isduetothisdifficulty.Itis
foundthattheassumptionof a constantmeanvalueof thisratio
changesthelocationof eitheroneof thecomponentourvesso lit-
tleas to be hardlynoticeable(oomputingthevaluesof eachcompo-
nentcurvefromthecorrespondingvaluesoftheothercume and
theassumedmeanconstantvalueof theratio).Theohoioeofthe
ourvesasthebestaverageof theplottedpointsis,therefore>
verycloselysubstantiated,while,atthesametime,theprobabil-
ityoftheoonstemcyoftheoilconsumptionratioisverystrongly
indicated.
Conclusion~:
12: Theadvantagestobe derivedfrotitheuse of oilscraper
ringswithrno~ifiedpistons,groupthemselvesnaturallyintotwo
(2)classes- militaryandeconomic.Theznilitaryadvantages,as
shownbythesetests,are:lst,thetaoticaladvantageduetono
oilsmoke,sime themurse of the~rp~e throughthetir@nnot
be traoedbythisme~s, ad md, thech~ees duringglidesand
idling,fortrouble,whiohmaye~ily leadto 10SSof life,of the
airphne,or ofboth,aregreatlylessenedor entirelyremovedue
to thealmostpositive,insur~oeprovidedby thisdevioeagainst
foulingof theplugs.Theeconomioadvantagesare;lst,”theeoo-
nomicfeatureofthesecxmdmilitaryadvantage;Znd,thevery
markedxeductionin oiloonwti~ of fromone-half(1/2)to2tw0-
thirds(2/3]oftheusualconsumption(amutingto a savingof
approximatelyone (1)ga310nperhourat theusual.operating
speeds);3rd, theverystrongprobabilityof verygreatlyinoreas-
edlifeoftheenginebetwe~overhuls,togetherwithinoreased
absolutelifeofthepartsoftheengineduetotheformationof
lesscarbonandtothelengthenedlifeofthebearings(duein
turntothemaintenanceofabetteroilfilmandtothebetterheat
dissipation);and4th,lessenedohsnoesforburnedoutbearingsor
wreckedconnectingrodsandcrankcasescausedby accidentallyor
unavoidablythinnedoil(sincethehigherpressurecarriedin-
cmeases theprobabilityofmaintenanceof oilfib in thebearings
evenwithverythinoil).
-$3-
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18. Theapprehension,whentheseringswerefirstinstalled,
thatthescrapingactionwouldbe toosevere- thusleavingtoo
th~n~ oilfilmonpistonskirtsadcyllnderwalls- isdi=pell-
edby thegeneralcondition~oftheer.gineondis-assembly,the
findingoftheactualpresenceo,fanampleoilfilmonpiston
skirtandcylinderwalls,andby tineg=neralsatisfactoryappear- ,
anteofthesetwo3earhg sufaoes.
19. Thedifferenceintheappearanceoftheexhaustfromthe
scraperingengineandfroma productionengineissomarked
that,whenboththisengineanda productionenginearerunning
atthesametime,evennon-technioalobservers,whoareunfamil-
iarwiththechangesthathavebeenmade,notice mdremarkupon
it. Duetotheverymuchreducedoilpumping,thisenginecambe
idledforhoursata timewithoutpumpingoiloutof theexhaust
orfoulingthesFarkplugs.
20. Inviewoftheforegoingfacts,it is stronglyrecommend-
edthatscraperingsazdpistons,modifiedinaccordancewith
Figure1,beadoptedaS st~dardforaeronauticalengines- when
fittedwithboth10IV andhighcompressionpistons- andthat,
withoutexception,theoilpressurereliefvalvebesetto.main-
tainanoilpressureneverlessthanspecifiedpressure,irrespec-
tiveof speed.
l
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TABLE I.
LowCkxnpressi.onLibertyEngine#0925,
Prcld.’:c:iunPistonRing3>
.
. :Dura+:. : N :
Fittedwith
.
. oil : oil
No.:Date :tion::Club: r,n.m, :HPSt,DrT:P=es=~~e:cons~tion
.
.
:h~o:::-:, “:1.b/sq.in:lb/hr:lb;13P
. . . . .
.
.
.
.
. . l . l :actihr.
—.
1
2
3
4
5
6
7
8
9
10
12
14
15
? 16
17
3.8
19
20
zi
s1)25/19:
.
. 26 :
.
. 26 :
.
. 26 :
.
. 2? :
.
. 27 :
*
. 27 :
1
1
1
1
1
1
1
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1700
1700
1700
1500
1300
3500
1?00
: J744*5
: 1485.1
.
. 57’7.0
: 1515.0
: 1284.4
: 150106
: 1737.0
.
.
.
.
.
.
.
.
.
l
.
.
.
.
Lo*CompressionLibertyEngine
OilScraperPistm
:2125/19:
: 25 :
.
. 26 :
:3/2819:
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
28
28
29
29
29
29
31
31
31
31
:
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
1
1
4
1
1
1
1
1
3
1
1
1
1
2
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
l
1700
1700
1700
1700
1700
1700
1700
1300
1300
1300
1300
1700
1700
1700
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